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In the present paper, results of the research on application of residual fine-grained, carbon-bearing materials as 
coke substitutes in the shaft process of copper matter smelting are discussed. The addition was introduced into the 
charge as a component of concentrate-made briquettes; then, its effects on properties of the obtained briquettes 
were analysed for their compressive and drop strengths. The results of investigations confirmed the potential use of 
proposed alternative fuels (as briquette components) in the process of copper matte smelting.
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INTRODUCTION
In many pyrometallurgical processes, a major com-
ponent of the charge, in addition to metal-bearing mate-
rials, is coke or coke breeze. They are mainly energy 
carriers and reducers. For many years, extensive re-
search on the use of cheaper substitutes for these mate-
rials in metallurgical systems has been conducted. It 
involves iron ore sintering, the blast-furnace process 
and non-ferrous metal smelting in shaft furnaces as well 
as the technology of processing of various secondary 
metallurgical materials [1-5]. As alternative fuels for 
metallurgical processes, fine-grained, metal-bearing 
materials from the process of coal-enrichment, coke 
waste and biomass are applied. Some of them have al-
ready been used for energy industry purposes. [6-8]. It 
should be noted, however, that alternative fuels must 
ensure a proper course of the specific technological pro-
cess and should not compromise its thermal balance or 
cause extra consumption of fluxes and generation of 
larger slag amounts. In many metallurgical systems, 
physical properties of the fuel (coke, coke breeze) are of 
very high importance as they markedly affect e.g. gas 
permeability of the charge. It can be assumed that the 
above carbon-bearing materials and biomass are pro-
spective fuels but in most cases, their application re-
quires using charge materials in the form of granules, 
briquettes, pellets etc.
RESEARCH METHODOLOGY
For the investigations, sulphide copper concentrate 
from “KGHM Miedź”, containing 27,81 % mass Cu, 
was used. The residual carbon-bearing materials were: 
coal flotation concentrate, coke dust and anthracite 
dust. Their chemical compositions are presented in Ta-
ble 1.
The briquetting process was conducted using a hy-
draulic press (max force 10Mg).
Table 1  Chemical compositions of the investigated carbon-
bearing materials
Fuel type Fractions of individual components / % mass
CS h u m i d i t y a s h
Coal fl  otation 
concentrate
64,3 0,45 26,5 8,71
Coke dust 88,5 0,6 0,3 10,3
Anthracite dust  71,5 1,7 5,4 25,1
The binder was sulphite liquor. The resulting bri-
quettes were of a cylindrical shape, 30 mm in diameter 
and 25 - 30 mm in height (Figure 1). The sulphite liquor 
content in the briquetting mix corresponded to the in-
dustrial values. In Table 2, compositions of the mixes 
used for the briquetting process are presented. The frac-
tion of binder was 5,3 % mass in each case.
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The briquettes were tested for compressive strength 
and drop strength. The compressive strength test in-
volved applying a load that caused fine grains to ap-
proach each other. The compressive strength is capacity 
of a material to withstand loads tending to destroy it. It 
can be measured by plotting the applied compression 
force that led to destruction of the material structure 
against the surface affected by the compression force 
[9-11]. It should be noted that the test results depend on 
many factors, such as the shape, size and weight of the 
briquette as well as on the speed of the compressive 
head. Sufficiently high forces lead to briquette crack 
providing it is brittle enough. Certain briquette types 
with bitumen, clay or plastic material additives show 
plastic properties that preclude precise determination of 
the destructive force during compression. It should be 
noted that comparison of compression forces is possible 
for samples of the same shapes and sizes [12]. The com-
pressive strength depends on the direction of force act-
ing on the material fibres or layers. In the case of fine-
grained materials, it also depends on the material hu-
midity and the temperature. For briquettes made of 
waste materials, the axial compressive strength values 
range widely from 0,5 MPa to 15 MPa and more [13]. 
The copper concentrate briquettes were tested for com-
pressive strength using the INSTRON 4469 test ma-
chine at a compression speed of 2 mm/min.
In the drop strength test, 3 briquettes were dropped 
seven times onto a steel plate from a 2-metre height. 
After each drop, the amount of remaining briquette 
fraction (over 10 mm in diameter) was determined. The 
tested samples were both immediate and seasoned bri-
quettes due to the fact that in the technological process, 
the manufactured briquettes must be sometimes stored 
for several days. This means that briquettes must show 
specific mechanical properties for a longer period.
STUDY RESULTS AND DISCUSSION
In Figure 2, examples of changes of compressive 
strengths in the case of immediate and seasoned 
(1-5 days) briquettes are presented. For all briquette 
batches, the strength was higher than 1 MPa and com-
parable to the values for briquettes made of copper con-
centrate only (as in the industrial setting). The data 
show that for all investigated mixes, no strength deteri-
oration with the seasoning period elongation was ob-
served, which means that the briquettes can be success-
fully stored before smelting, if required.
Table 3 shows examples of drop strength test results 
for the obtained briquettes. The strength is presented as 
a fraction of briquettes of over 10 mm in diameter in 
Table 2  Compositions of the mixes used for the briquetting 
process
Mix 
label
Concentrate 
fraction
/ %mass
Carbon-bearing material fraction / % 
mass
coal fl  otation 
concentrate
coke 
dust
anthracite 
dust
S9 4 , 7 - - -
A-4 90,7 - - 4,0
C-4 90,7 - 4,0 -
F-4 90,7 4,0 - -
A-2 90,7 - - 2,0
C-2 90,7 - 2,0 -
F-2 90,7 2,0 -
Figure 2   Compressive strength changes observed 
in the obtained briquettes.
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Table 3   Drop strength test results for the obtained 
briquettes
Type of
the mix
Seasoning period / day
0123 47
Content of the fraction over 10 mm / %
S 80,9 80,8 96,3 85,1 81,4 91,3
A-4 73,5 77,1 86,3 93,6 94,3 94,8
C-4 80,5 97,2 97,3 99,4 96,7 99,0
F-4 98,9 99,7 99,5 99,8 99,7 99,8
A-2 72,3 62,1 71,9 78,3 88,2 80,6
C-2 65,7 67,2 63,9 67,3 78,0 70,1
F-2 72,3 73,4 75,4 88,7 82,3 83,4
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Figure 3   Drop strengths of selected briquettes versus the 
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relation to the total briquette bulk. A graphic interpreta-
tion of the results is presented in Figure 3. The Table 3 
data refer to the strength after three drops as this value 
was assumed to illustrate briquette transport in the pe-
riod from the immediate manufacturing completion to 
the shaft furnace charging (in the industrial setting).
CONCLUSIONS
Based on the investigations, it was concluded that:
–   It is possible to use fine-grained, carbon-bearing 
materials as components of briquettes, obtained 
from copper concentrates, in the process of copper 
matte smelting in the shaft furnace.
–   Introduction of a mix of alternative fuels into the 
briquetting process, in the amounts up to 4 %, ena-
bles production of briquettes that show technolog-
ically demanded compressive and drop strength 
properties.
–   Humidity of the mix used for briquetting should 
not be higher than 10 %.
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